Indium-tin oxide (ITO) is an optically transparent conductor and is used in the making of thin-film transistor liquid crystal displays (LCDs) and photo-voltaic cells. Responding to the expanding demand for computer displays and cell phone displays, LCD production is rapidly increasing, especially in Asian countries, including Japan 1) . Because of its superior capacity for LCDs, ITO production can also be assumed to be increasing in these countries. As far as we know, the toxicity of ITO has been poorly studied. We have reported that indium-containing semiconductor materials, indium arsenide (InAs) and indium phosphide (InP), caused lung and testicular damage in hamsters when a high dose was repeatedly administered by intratracheal instillation 2, 3) . As for the testicular toxicity of these two materials, indium was thought to be the toxic element 3) . Because indium is the main component of ITO, it is possible that ITO may also have a toxic effect on the testis if the internal exposure to indium is sufficiently high. We therefore evaluated the toxicity of ITO on the testis in hamsters by using intratracheal instillations in this study.
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Materials and Methods
ITO particles were obtained from a company and these contained 74.4% indium, 7.8% tin (wt%) and oxygen, as analyzed by ICP-AES. The mean count diameters for ITO and InP were 0.95 µm [σg (geometric standard deviation): 2.42] and 1.06 µm [σg: 1.80], respectively. InP, a positive control substance, was provided by Mitsuwa Chemicals (Osaka, Japan) and was prepared as reported before 2, 3) . Both powders were suspended in pathogen-free distilled water just prior to instillation. Male Syrian golden hamsters were purchased from Japan SLC, Inc., (Shizuoka, Japan). The animals were maintained in a specific pathogen-free laboratory room of the Laboratory of Animal Experiments, Faculty of Medicine, Kyushu University. The animals were provided with CE-2 feed (Clea Japan Inc., Tokyo, Japan) and tap water ad libitum. Twenty-one hamsters, eight wk of age, were randomly distributed into a control group (n=6), an ITO group (n=10) and an InP group (n=5) and were intratracheally instilled with 1.0 ml suspension/kg body weight under ether anesthesia. A single instillation dose of ITO and InP was 6.0 mg/kg body weight. Hamsters in the control group were given pathogen-free distilled water only. The animals were thus treated once weekly for sixteen wk. The day after the last instillation, hamsters in each group were weighed and killed with carbon dioxide. The testes and epididymes were removed and weighed. The seminal vesicle was also weighed. Homogenization-resistant sperm in the right cauda epididymidis were counted 4) . Histopathologic change in the right testis was examined under an optical microscope 4) . Vacuolization in the epithelium of the seminiferous tubule was the early change in the testis caused by InAs and InP noted in our previous study 3) and we therefore examined the incidence of the tubule with vacuolization in the histopathologic examination. Data were analyzed for the mean and standard deviation, and F test was performed to evaluate the equality of variance. If a significant difference in variance was found, then a t test with Welch's correction was used for the statistical analysis, otherwise a t test without correction was used. The differences were interpreted as significant at p<0.05.
Results
In the InP group, one hamster was emaciated before examination, and agenesis of the testes and epididymes was found in another. These animals were excluded from all evaluations. The table shows the results of this study. The body weight of the hamsters in the InP groups was decreased and the weights of the two reproductive organs and caudal sperm count were also decreased in these animals, but these decreases did not reach significance. In our previous study, InP decreased the caudal sperm count the day after the last instillation 3) . The lack of significance was possibly due to the small sample size (n=3) of this group. In the ITO group, the body weight was not decreased and the weights of the two reproductive organs and caudal sperm count were comparable with those in the control group. The seminal vesicle weight was not decreased in either group. In the control animals, disorganization or vacuolization in the seminiferous epithelium was rarely observed in the seminiferous tubules (Fig. 1a) . More than half of the tubules showed marked disorganization or vacuolization in the seminiferous epithelium in one of three animals in the InP group (Fig. 1b) . The number of seminiferous tubules with marked disorganization or vacuolization was increased slightly in another InP-treated animal. In the ITO group, two of the ten animals showed a slight increase in the number of seminiferous tubules with marked disorganization or vacuolization (Fig. 1c) . The incidence of the tubules with vacuolization is shown in the table. The incidence was 7.2 + 4.0% in the control group and 14.6 + 7.1% in the ITO group. There was a significant two-fold increase in the incidence of tubules with vacuolization in the ITO group.
Discussion
Vacuolization in the seminiferous epithelium was noted as an early histopathologic change in the InAs-or InPtreated hamsters in our previous study 3) . Vacuolization in the epithelium was reproduced in the InP-treated hamsters and this histopathologic change was also observed in the ITO-treated hamsters in this study. Indium was thought to be responsible for the testicular damage caused by InP and InAs in our previous study 3) . We therefore speculated that indium which had dissolved from the ITO particles was absorbed from the alveolar surface and affected the testis in this study. The weights of the testis and epididymis in the ITO group were not decreased and the caudal sperm count in the ITO group was comparable with the control value immediately after the last instillation in this study. This might indicate that the testicular toxicity of ITO was so mild that the ITO did not affect the reproductive capacity of the hamsters, but testicular damage further progressed until 16 weeks after the final instillation in the hamsters treated with indium-containing semiconductor materials in our previous study 3) and accordingly ITO-induced testicular damage might have further progressed in this study. To clarify this point, a long-term observation of ITO-induced testicular damage after the end of administration is needed and we are now carrying out this type of study.
